Background: Muscle atrophy and asymmetric extremity growth is a common feature of linear scleroderma (LS). Extra-cutaneous features are also common and primary neurologic involvement, with sympathetic dysfunction, may have a pathogenic role in subcutaneous and muscle atrophy. The aim was investigate nerve conduction and muscle involvement by electromyography in pediatric patients with LS. Methods: We conducted a retrospective review of LS pediatric patients who had regular follow up at a single pediatric center from 1997-2013. We selected participants if they had consistently good follow up and enrolled consecutive patients in the study. We examined LS photos as well as clinical, serological and imaging findings. Electromyograms (EMG) were performed with bilateral symmetric technique, using surface and needle electrodes, comparing the affected side with the contralateral side. Abnormal muscle activity was categorized as a myopathic or neurogenic pattern. Results: Nine LS subjects were selected for EMG, 2 with Parry-Romberg/Hemifacial Atrophy Syndrome, 7 linear scleroderma of an extremity and 2 with mixed forms (linear and morphea). Electromyogram analysis indicated that all but one had asymmetric myopathic pattern in muscles underlying the linear streaks. Motor and sensory nerve conduction was also evaluated in upper and lower limbs and one presented a neurogenic pattern. Masticatory muscle testing showed a myopathic pattern in the atrophic face of 2 cases with head and face involvement. Conclusion: In our small series of LS patients, we found a surprising amount of muscle dysfunction by EMG. The muscle involvement may be possibly related to a secondary peripheral nerve involvement due to LS inflammation and fibrosis. Further collaborative studies to confirm these findings are needed.
Background
Juvenile localized scleroderma represents the third most frequent rheumatic condition in children after juvenile idiopathic arthritis and systemic lupus erythematosus [1] [2] [3] . It comprises a group of conditions involving skin and subcutaneous tissues, resulting in fibrotic lesions with functional and cosmetic deformities [1, [4] [5] [6] [7] . There is no uniform terminology and classification, it was recently revised by an expert panel, defining the main presentations as circumscribed, generalized or pansclerotic morphea, linear scleroderma and mixed forms [8] .
Linear scleroderma (LS) has a broad spectrum of clinical features. It can affect extremities, trunk, face and head. The term "en coup de sabre" is to further delineate linear scleroderma involving face and head. Facial lesions may progress involving muscle and underlying bones. Parry Romberg (PR) or Hemifacial atrophy (HFA) syndrome is characterized by tissue loss on one side of the face and some authors distinguish them as different entity due to degree of skin fibrosis [9] [10] [11] [12] [13] [14] [15] [16] . The underlying pathogenesis remains unknown; however, it is associated with microvascular damage and altered collagen production, reported as a possible mechanism of injury.
Early diagnosis and effective treatment are crucial to improve the long-term outcome [1] . Muscle atrophy and asymmetric extremity growth is a common feature of LS [4, 8] . Extra-cutaneous features are common findings [17] [18] [19] and primary neurologic involvement may have a pathogenic role [9, 20] . It has been associated with central and peripheral nervous system involvement with facial palsy, extra-ocular movement disorders, trigeminal neuralgia and hemi-masticatory spams, all considered primary neurologic involvement [19, 21, 22] The etiology remains unclear, however autoimmunity, disturbed peripheral sympathetic nervous system, disturbed trigeminal nerve and early cerebral inflammation have all being proposed. Sympathetic regulation has pathogenic relevance in hemifacial atrophy (HFA). It was reproduced previously in our group by experimental sympathetic ganglion ablation in rabbits, cats and dogs [23] . Neurologic involvement includes complex partial seizures as well as abnormalities on computerized tomography (CT) and magnetic resonance imaging (MRI), reported as possible correlates to "en coup de sabre, HFA or PR syndrome [9] .
There is still some discussion about classification of PR syndrome and HFA, the last representing the same features but without sclerosis at any stage [14] [15] [16] . Extremity linear streaks may follow a dermatome pattern distribution [24] and facial lesions were observed in association with Blaschko lines, that could be related to genetic mosaicism in the pattern of embryonic skin and neural cells migration [25] .
Yet, there are few studies exploring nerve conduction and electromyography in those patients. Also, muscle involvement may contribute to extremity atrophy in linear and HFA forms. These neurological and muscular features of localized scleroderma led us to explore nerve conduction and muscle involvement by electromyography in LS.
Methods
We evaluated a localized scleroderma series by retrospective chart review in a Pediatric Rheumatology Clinic, from 1997 to 2013.The diagnoses were made by one pediatric rheumatologist. Chart and pictures review was conducted by two pediatric rheumatologists. Consecutive cases seen in clinic during the last 18 months were included. There was no additional selection method other than clinic attendance during the study period. Parents and ageappropriated subjects signed informed consent. None who were invited refused to participate. This protocol was conducted according to Helsink Declaration. It was approved by the ethics committee from Botucatu Medical School -São Paulo State University (CEP-FMB-UNESP) under protocol number 441/2012. Case-report forms characterizing features of skin and extra-cutaneous features, laboratory parameters, previous and current treatment, were completed by one pediatric rheumatologist. Diagnosis was made on clinical grounds describing lesions, skin thickness and pigmentation, skin and subcutaneous tissue atrophy, involvement of underlying muscle and bones, symmetry of face and extremities. Skin biopsy was performed in only 4 by the time active lesions were first identified. Active lesions were determined by the appearance of new lesions from the time of the last visit, observing signs of erythema, edema or increased size of a previous lesion. Pictures were also taken at the time of EMG exams. Neurologic exam was performed by the time of EMG test as a routine pediatric assessment of development, gross and fine movements, gait, tendon reflexes and functional assessment of cranial nerves by observing eye movements, smiling, chewing, hearing, swallowing, head turning and tongue protusion.
Patients with face and head involvement were also investigated with brain CT, ophthalmologic and dental-maxillary assessments, without remarkable findings other than asymmetric face. Electromyography (EMG) was performed by 2 neurologists, using bilateral symmetric technique. EMG technique was carried out with axial needle electrodes for the first two patients. The surface electrodes technique became available and the following 7 cases had surface electrode EMG. It was performed at rest and during evoked effort in lying position. The electrodes were placed in the body area remarked by deep linear streaks over the limbs, trunk cliff-drop lesions or atrophic face side. The sensitivity was set to 20 μV/cm (at rest) or 200-1000 μV (during evoked effort), the analysis time was set to 10,200 or 500 ms/cm, and the filter band-pass to 20-10,000 Hz. All exams were performed in a Nihon-Kohden MEB 9400 equipment. Surface electrodes placement is presented in the Figure 1 . Routine sensory and motor nerve conduction studies were performed with the same technique comparing affected side with the contralateral side.
EMG was categorized as normal or abnormal. The abnormal pattern was also categorized as myopathic and neurogenic patterns. Evaluation consisted on records of the presence or absence of spontaneous electric activity at rest, as positive sharp waves, fibrillation and fasciculation potentials, complex repetitive discharges. EMG at evoked effort consisted of evaluation of motor unit potentials, number of phases, duration, amplitude, morphology, stability from sequential and repetitive isolated motor units. Myopathic motor units have decreased duration and amplitude and neurogenic motor units have increased duration and amplitude. Degree of myopathic involvement was not measured by quantitative assessment.
Results
Demographic and clinical characteristics at study entry are described in Table 1 . There are some special cases. There was one female diagnosed in the first week of life, also called "congenital" LS [26] . Her mother had a recent diagnosis of systemic lupus erythematosus. A family history of autoimmune related diseases was also observed. Of note, during the study, the mother of one recently diagnosed LS case revealed for the first time similar lesions with childhood onset and she was referred to the adult specialist for confirmation of localized scleroderma. Eight patients were currently being treated or had previous treatment with methotrexate (15 mg per m 2 of body surface). These eight patients had had also a short course of prednisone by the time of diagnosis [27, 28] . None of these children had active lesions or were receiving prednisone by the time of EMG testing. All had documented clinical, serological and imaging findings of LS and normal routine neurologic examination.
Nine pediatric subjects, 7 girls, with LS were included in the EMG group. Overall 7 had LS on extremities, 2 had extremity and truncal lesions and 2 had face and head involvement. They were classified according to Padua Consensus classification [8] . Electromyogram analysis indicated that 8/9 children had a myopathic asymmetric pattern in muscles underlying extremity linear lesions. One had a neurogenic pattern. Motor and sensory nerve conduction study of upper and lower limbs resulted normal in 8/9, the one outlier was a patient with a deep linear streak in upper thigh. Masticatory muscle testing showed reduced root mean squares and increased turns per second in the atrophic face of two cases with HFA/PR Syndrome. These results are summarized in Table 2 .
Discussion
We developed the hypothesis that there might be muscle and nerve dysfunction in LS patients. In order to better define the role of peripheral nervous system and muscle involvement in all forms of LS, EMG seemed to be the most suitable technique for this study. We were able to show EMG myopathic patterns in 8/9 patients, thereby demonstrating abnormal electric activity in muscles underlying LS lesions. Interestingly, one patient had abnormal nerve conduction findings. We did also explore underlying muscle and nerve electric activity in patients seen in different phases of disease activity and progression of lesions. A wide variation of disease duration was observed. Unfortunately, these EMG techniques do not appear to distinguish well between active lesions and the sequelae due to fibrosis.
Previous studies exploring electrophysiology abnormalities in localized scleroderma are scarce case-reports in adults [29] [30] [31] [32] [33] . LS is indeed less frequent in adults [34, 35] These studies have shown also abnormal electric activity in atrophic area indicating myopathic pattern [29, 30, 32] . There is one report of HFA with symptomatic masticatory spasms requiring treatment and trigeminal neuropathy was disclosed by nerve conduction studies [33] . Only one study in HFA affecting predominantly the tongue, failed to demonstrate neurogenic or myogenic process [31] . Neuroimaging was explored in a pediatric case of PR syndrome [9] , speculating vasomotor disturbance and sympathetic dysfunction, but EMG was not performed. Seizures preceding face and scalp lesions were also described in another interesting pediatric report [36] . Myositis overlap at different degrees was also reported in localized scleroderma or associated connective tissue disease overlap features [29, [37] [38] [39] , but in these cases muscle weakness was present. None of our cases presented localized or generalized muscle weakness at any time of disease course.
Sympathetic dysfunction may play a pathogenic role in HFA/PR syndrome and this hypothesis has found some confirmation in our previous work because the ablation of the superior cervical ganglion in animal models reproduced clinical manifestations of HFA on the side of sympathectomy [23] . It is indeed possible that fat trophic changes of subcutaneous tissue is under influence of sympathetic nervous system and we hypothesized this could a common factor in different presentation of localized scleroderma.
There are limitations present in this study because of inherent nature of the LS disease. Our study was conducted during routine care, using a cross-sectional assessment of available cases. The availability of surface EMG electrodes techniques facilitated our study, as the needle insertion was a limiting factor for the assessment. Comparison of both techniques in adult patients in the same electrophysiology unit suggested that the two techniques of surface and inserted electrodes were comparable, but it was not possible to assess the degree of myopathic change with these techniques.
It is indeed challenging to distinguish disease activity and progression in LS, as markers of inflammation are usually of little value for diagnosis and follow up. Ultrasound imaging may provide clues to progression, but standardization for routine practice is still limited [40] . In practice, clinical exam of the lesions, sometimes leading to a confirmatory biopsy, is the usual way these LS are diagnosed and early treatment begun. Non standardized evaluation is the common practice for follow up, but a promising computerized tool has been developed to accurately define extension of the lesions and progression on follow up, but still not available on standard of care [41] .
Conclusion
Skin inflammation and fibrosis in LS, progressing to deep tissues with fat, muscle and bone atrophy need to be better elucidated. Nerve and muscle involvement in LS had not been previously investigated in pediatric patients. It is impossible to be sure if this abnormal findings were related to inflammation or fibrosis, so this preliminary observation needs further evaluation during different phases of disease activity using quantitative measure to assess the degree of myopathic and neurogenic changes. 
